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DEVELOPMENT    OF   VIRUS-FREE   AND   NEMATODE-FREE 
STRAWBERRY    PLANT    STOCKS 


Strawberry  plants  have  probably  been  infected  with  virus-caused 
diseases  ever  since  they  have  been  under  commercial  cultivation.  These 
virus-caused  diseases  reduce  plant  vigor,  production  of  runner  plants,  and 
fruit  yields.  Asa  result  of  research  conducted  by  the  Agricultural  Re- 
search Service,  plants  free  from  virus  infection  are  now  available  to  com- 
mercial growers  for  the  first  time  on  a  large  scale.  Between  150  and  195 
million  of  these  healthy,   vigorous  plants  are  available  this  spring. 

Research  has  also  made  it  possible  for  nurserymen  to  provide 
growers  with  plants  free  from  nematodes--microscopic,  eel-like  worms 
that  attack  the  roots  and  seriously  reduce  plant  vigor. 

A  virus-caused  disease  in  strawberry  plants  was  diagnosed  in  the 
United  States  for  the  first  time  in  Oregon  in  1927.  In  the  mid-1940's  virus- 
caused  diseases  were  discovered  in  strawberry  plants  east  of  the  Rocky 
Mountains.  When  the  first  virus-free  plants  were  made  available  in  lim- 
ited quantities  through  cooperating  nurserymen  in  1954,  practically  100 
percent  of  the  commercial  fields  were  infected.  Crinkle  and  yellows  are 
the  two  most  widespread  virus  diseases. 

The  types  of  nematodes  causing  the  most  damage  are  root-knot  and 
meadow.  Root-knot  nematode  injury  to  strawberries  was  first  reported 
in  1910,    and  meadow  nematode  injury  in  1930. 

Growers  who  obtain  virus-free  and  nematode-free  plants,  and  keep 
them  clean,  may  expect  more  vigorous  stands,  greater  runner  production, 
and  higher  yields. 


DEVELOPMENT   OF   VIRUS-FREE    PLANT    STOCKS 
Diseases  and  Symptoms 


Crinkle  and  yellows  are  the  predominant  virus-caused  diseases  in 
the  United  States.  Crinkle  is  most  common  in  the  western  States  and 
yellows  in  the  States  east  of  the  Rocky  Mountains.  Both  diseases,  however, 
have  been  found  in  all  infected  areas,    and  often  in  the  same  plant. 

Other  virus  diseases,  and  areas  of  occurrence,  are  "leaf  roll"  or 
"leaf  curl"  in  the  northeastern  States;  "witches'  broom"  in  Oregon  and  a 
similar  disease  in  northern  Wisconsin;  a  disease  similar  to  "green-petal" 


(reported  from  England)  in  Washington;  and  western  aster  yellows  in  Cal- 
ifornia and  Arkansas.  Virus  diseases  other  than  crinkle  and  yellows  cause 
little  damage,    or  they  are  not  widely  distributed. 

Symptoms  of  virus  diseases  vary  with  the  variety  of  strawberry 
and  the  type  of  virus  causing  the  disease.  In  Marshall  and  Catskill,  and 
in  some  other  varieties,  the  symptoms  of  yellows  show  up  as  mottling  and 
yellowing  of  the  leaves  and  dwarfing  of  the  plants.  In  Pathfinder,  Fair- 
fax, and  Fairpeake,  the  same  disease  stunts  the  plants  so  the  tops  are 
dwarfed,  the  leaves  are  cupped,  and  runners  are  not  produced.  In  other 
varieties  no  obvious  symptoms  are  apparent  even  when  plants  are  infected 
with  both  crinkle  and  yellows. 

At  least  four  viruses  make  up  the  complex  of  crinkle  and  yellows. 
Strains  of  one  of  these  viruses  have  also  been  described.  The  diseases 
called  crinkle  and  yellows  are  in  reality  different  combinations  of  these 
four  viruses. 


Method  of  Spread 


Viruses  are  submicroscopic  infective  agents  that  are  spread  in 
two  ways:  From  mother  plant  to  runner  plant,  and  by  aphids.  They  can- 
not be  transmitted  through  the  seed.  With  the  development  of  virus-free 
plants,   aphids  become  the  principal  means  of  spreading  viruses. 

Three  species  of  aphids  of  the  genus  Pentatrichopus  are  efficient 
vectors  of  most  strawberry  viruses.  Seven  other  species  are  capable  of 
transmitting  some  viruses  but  may  or  may  not  do  so  in  nature.  The  aster 
leafhopper,  Macrosteles  fascilfrons,  has  transmitted  the  western  aster 
yellows.  The  vectors  which  transmit  the  viruses  associated  with  leaf  roll 
and  green-petal  are  unknown. 

Aphids  of  the  genus  Pentatrichopus  multiply  rapidly  in  relatively 
cool  weather,  and  seem  most  abundant  along  coastal  parts  of  California 
and  in  western  Oregon  and  Washington.  They  are  much  less  abundant  in 
eastern  United  States.  The  winged  forms,  which  are  the  widespread  car- 
riers, are  most  prevalent  from  October  to  March  in  California  and  from 
May  to  October  in  western  Oregon  and  Washington.  In  eastern  United 
States  the  winged  aphids  may  occur  all  summer,  but  are  usually  found  only 
from  October  to  June.  In  the  South,  these  strawberry  aphids  often  do  not 
survive  the  long  warm  summers. 


Search  for  Virus-Free  Plants 


The  knowledge  of  extensive  virus  infection  in  strawberry  plants 
started  Agricultural  Research  Service  scientists  on  an  intensive  search  for 
virus-free  plants.  They  appealed  to  research  workers  in  the  various 
States  and  to  nurserymen  and  growers  to  send  in  apparently  healthy,  vigor- 
ous plants  that  had  been  in  production.     The  search  started  in  1946. 


Agricultural  Research  Service  scientists  discarded  the  possibility 
that  the  way  to  overcome  the  virus-disease  problem  was  to  breed  resistant 
varieties.  Since  all  varieties  were  known  to  be  infected,  such  a  program 
would  entail  the  development  of  new  varieties  for  all  areas  of  production -- 
the  early,  mid-season,  and  late.  The  fact  that  some  varieties  did  not 
show  obvious  symptoms  of  infection  also  would  complicate  the  problem. 
The  scientists  decided,  therefore,  that  the  best  solution  rested  in  finding, 
multiplying,  and  maintaining  virus-free  plants  of  existing  adapted  varie- 
ties. 

To  determine  if  the  plants  they  received  were  actually  virus-free, 
the  scientists  needed  a  means  of  testing  them.  They  needed  an  indicator 
or  index  plant.  For  this  purpose  they  originally  selected  the  highly  sus- 
ceptible Marshall  variety.  The  submitted  plants  were  grafted  onto  Mar- 
shall plants.  If  they  were  infected,  symptoms  showed  up  in  the  Marshall 
in  a  few  weeks.  If  the  plants  were  virus-free,  no  change  occurred  in  the 
Marshall  plant.     This  procedure  is  known  as  indexing. 

In  1946,  77  samples  of  plants  consisting  of  27  varieties  from  11 
eastern  States  were  indexed  on  Marshall.  Sixty-nine  were  found  to  be  in- 
fected. In  1948,  60  lots  of  30  varieties  from  10  States  were  indexed,  and 
the  following  year  140  lots  of  32  varieties  from  16  States. 

Although  Marshall  is  satisfactory  as  an  index  plant  to  screen  out 
the  most  virulent  types  of  viruses,  it  was  not  dependable  for  indicating 
mild  types.  In  1950  the  scientists  began  using,  as  an  indicator,  stock 
from  the  wild  strawberry  Fragaria  vesca  which  English  scientists  had 
found  to  be  a  more  accurate  indicator.  Plants  of  Fragaria  vesca  are  much 
more  sensitive  than  Marshall  to  most  virus  types  and  show  definite  and 
clear-cut  symptoms  within  a  few  weeks  after  infection.  Virus  types  and 
combinations  of  types  can  be  distinguished  on  it.  Plants  of  three  of  the 
seven  varieties  found  virus-free  in  1946  when  indexed  on  Marshall  were 
found  to  be  infected  when  indexed  on  Fragaria  vesca.  Since  1950  all  plants 
have  been  indexed  on  Fragaria  vesca  by  Agricultural  Research  Service  re- 
search workers  in  their  search  for  virus-free  plants. 


Multiplication  of  Virus-Free  Plants 


After  research  workers  discover  a  virus-free  plant,  they  are  then 
confronted  with  the  problem  of  multiplying  it.  The  procedure  used  in  mul- 
tiplying the  Florida  90  variety  is  indicative. 

In  February  1954,  three  plants  of  Florida  90  were  found  virus-  free 
when  indexed  on  Fragaria  vesca.  Runners  from  these  three  plants  were 
planted  in  pots  filled  with  sterilized  soil  and  grown  in  the  greenhouse. 
Enough  plants  were  obtained  that  spring  to  set  out  100  feet.  The  plants 
were  planted  out  in  the  open  in  doubly  fumigated  soil  to  protect  them  from 
nematodes,  and  in  an  isolated  situation--3,  000  feet  from  the  nearest  non- 
virus  free  strawberry  plants.  The  plants  were  dusted  with  1  percent 
parathion  to   protect  them   from   aphids.     In  January   1955,    the  scientists 
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harvested  6,  500  plants  and  placed  them  in  cold  storage.  These  will  be  re- 
leased in  late  March  or  early  April  to  cooperating  nurserymen  who  will 
grow  them  under  prescribed  conditions  so  they  will  remain  virus-free. 
Some  plants  will  be  available  to  growers  for  the  1956  crop.  Florida  90, 
however,  is  a  prolific  plant  maker.  For  less  prolific  varieties,  it  might 
take  5  years  from  the  time  a  'virus-free  plant  is  found  before  plants  are 
available  to  growers. 

To  insure  a  constant  source  of  virus-free  plants,  scientists  have 
maintained  a  "strawberry  bank.  "  A  mother  plant  of  each  virus-free  var- 
iety is  grown  in  a  screenhouse.  The  screening  protects  the  plants  from 
virus-carrying  aphids. 


24  Virus-Free  Varieties  Available 


Virus-free  plants   of  24  varieties  are  now  available  to  commercial 
growers  from  cooperating  nurseries.     The  varieties  are: 


Albritton 

Armore 

Aroma 

Bellmar 

Blakemore 

Catskill 

Dixieland 

Dunlap 

Fairfax 

Howard  17  (Premier) 

Klondike 

Klonmore 


Massey 

Midland  (very  small  stock) 

Missionary 

New  York 

Pocahontas 

Robinson 

Sparkle 

Stelemaster 

Tennessean 

Tennessee  Beauty 

Tennessee  Shipper 

Vermilion 


Virus-free  plants  of  Empire,  Florida  90,  and  Gem  (Superfection, 
Brilliant)  are  being  supplied  cooperating  nurseries  this  spring  for  propa- 
gation. Nurseries  are  also  propagating  Redstar  from  a  limited  stock. 
Research  workers  are  propagating  virus-free  Eden  plants  preparatory  to 
making  them  available  to  cooperating  nurseries. 

No  virus-free  plants  of  the  following  varieties  have  been  found: 
Dorsett,    Fairland,    Fairpeake,   Suwannee,   Maytime,    Lupton,   and  Temple. 

Several  western  nurseries  have  virus-free  plants  of  the  Marshall 
variety,  which  is  the  principle  variety  in  Oregon  and  Washington.  A  few 
virus-free  plants  of  Northwest,  a  promising  new  variety  for  Oregon  and 
Washington,  have  been  obtained  in  cooperative  research  with  the  Oregon 
Agricultural  Experiment  Station,  and  propagation  has  been  started.  Virus- 
free  plants  of  the  principal  varieties  of  California  have  been  found  by  re- 
search workers  in  that  State   and   supplied   to  nurserymen  for  propagation. 
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How  to  M  aintain  Plants  Virus-Free 

For  Plant  Propagation.  --Plants  have  been  maintained  virus-tree 
in  commercial  nurseries  for  2  or  more  years  where  this  suggested  pro- 
cedure has  been  followed: 

1.  Plant  only  virus-free,    aphid-free  stock. 

2.  Use  limited  isolation--3,  000  feet--from  other   strawberries, in- 
cluding wild  strawberries. 

3.  Dust  plants  regularly  every  2  weeks  from  time  of  planting  until 
late  fall  with  1  percent  parathion  dust,  using  a  tractor-drawn 
power  duster  with  2  or  3  nozzles  per  row,  set  to  deliver  20  to 
30  pounds  of  dust  per  acre.  Set  nozzles  to  drive  dust  under  foli- 
age as  much  as  possible. 

4.  Dust  plants  in  fruiting  fields  (see  items  3  and  4  and  the  caution 
below)  to  eliminate  sources  of  aphid  infestation. 

For  Fruit  Production. --Strawberries  grown  for  fruit  do  not  re- 
quire an  aphid-control  program  as  intensive  as  those  grown  for  plants , 
but  infestations  on  such  plantings  should  be  eliminated  to  prevent  their 
migration  to  new  plantings.     The  following  procedure  is  suggested: 

1.  Plant  only  virus-free,    aphid-free  stock. 

2.  Isolate  new  stock  from  any  older  plantings,  at  least  3,  000  feet, 
or  as  far  as  is  feasible. 

3.  Dust  the  plants  of  both  new  and  old  plantings  at  least  twice  in  the 
spring.  Make  the  first  application  as  early  as  possible,  select- 
ing a  day  when  the  temperature  reaches  70°  F.  ,  so  the  insecti- 
cide will  be  effective.  The  second  application  should  be  made 
not  later  than  when  the  first  blossoms  appear.  Use  1  percent 
parathion,    4  percent  malathion,    or  1  percent  TEPP. 

4.  Dust  the  plants  at  least  2  or  3  times  at  2-week  intervals  again  in 
the  fall,   beginning  about  September  1. 

These  recommendations  are  based  on  the  fact  that  winged  forms  of 
aphids  are  most  abundant  in  early  spring  and  again  in  late  fall.  Under 
some  climatic  conditions,  winged  forms  may  be  present  throughout  the 
year,  but  they  are  usually  not  abundant  during  midsummer  and  midwinter. 
Dusts  have  been  found  more  effective  than  sprays. 

Caution.  --  All  insecticides  listed  are  poisonous  and  should  be 
handled  in  strict  accordance  with  directions  on  the  pack- 
age. Parathion  and  TEPP  should  be  applied  only  by  a 
trained  operator  who  will  assume  full  responsibility  and 
enforce  the  precautions  prescribed  by  the  manufacturers. 
Do  not  apply  parathion  or  malathion  to  fruiting  fields  be- 
tween  fruit-set  and  end  of  harvest. 
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DEVELOPMENT    OF   NEMATODE-FREE    PLANTS 
Description  and  Injury 


The  second  step  in  the  program  to  provide  growers  with  healthy, 
vigorous  plants  was  to  free  the  plants  from  nematodes.  The  research- 
produced,   virus-free  plants  were  100  percent  nematode-infested. 

Nematodes  are  eel-like  worms  that  abundantly  infest  the  soils 
throughout  the  United  States.  A  microscope  is  required  to  see  them,  and 
as  many  as  12,000  have  been  found  in  1  gram  of  root  of  a  badly  infected 
strawberry  plant. There  are  many  species, some  of  which  attack  the  upper 
parts  of  the  plant,  but  the  most  widespread  and  the  most  damaging  are  the 
root-knot    and  the  meadow  nematodes  which  feed  on  the  roots. 

Root-knot  nematode  injury  results  in  the  formation  of  knots  or  galls 
which  are  readily  visible.  Meadow  nematode  injury- -tiny  holes  bored  into 
the  roots  —  requires  microscopic  determination.  In  addition  to  the  direct 
injury  caused  the  root  system,  scientists  believe  the  holes  caused  by  the 
meadow  nematode  provide  the  means  of  entry  for  the  organisms  that  cause 
black-root  rot  in  strawberries. 

Research  had  demonstrated  that  nematodes  in  the  soil  could  be 
killed  by  fumigation.  It  now  remained  for  the  scientists  to  provide  plants 
that  would  not  introduce  nematodes  into  clean  fields  or  reintroduce  them 
into  fumigated  fields. 


Hot-Water  Method  Perfected 


The  use  of  a  hot-water  bath  to  free  strawberry  plants  from  nema- 
todes was  reported  as  early  as  1929,  but  the  results  were  not  commonly 
adopted,  probably  because  the  plants  did  not  always  withstand  the  suggested 
water  temperature  and  time  interval  for  immersion.  Agricultural  Research 
Service  scientists  began  experimenting  with  the  hot-water  treatment  in  the 
fall  of  1953.  They  tested  a  wide  range  of  water  temperatures  and  time  in- 
tervals. By  the  summer  of  1954  they  were  able  to  make  two  general 
recommendations: 

1.  Immerse  dormant  plants  for  2  minutes  in  water  at  127°  F. 

2.  Immerse  dormant  plants  for  7  minutes  in  water  at  121°  F. 

The  first  treatment  (127°  F.  for  2  minutes)  is  recommended  for 
treating  those  plants  that  are  infested  only  with  root-knot  and  meadow 
nematodes,  but  are  free  of  all  other  pests  associated  with  strawberry  pro- 
duction, including  that  group  of  nematodes  known  as  foliar  nematodes.  The 
treatment  will  destroy  root-knot  and  meadow  nematodes,  but  the  heat  will 
not  penetrate  fast  enough  to  destroy  associated  insects.    The  second    treat- 
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ment  (121°  F.  for  7  minutes)  is  recommended  when  associated  insects  are 
present.  Only  dormant  plants  should  be  treated;  if  the  plants  are  not  dor- 
mant they  will  be  killed. 

The  scientists  recommend  that  the  dormant  plants  be  treated  when 
removed  from  cold  storage;  they  should  then  be  surface-dried,  and  re- 
turned to  cold  storage  at  28°  to  30°  F.  Plants  suffer  less  damage  when 
returned  to  cold  storage,  and  a  growth  stimulation  also  seems  to  result . 
If  plants  are  not  treated  until  spring,  they  should  be  set  in  the  field  within 
24  hours. 

The  hot-water-bath  procedure  has  been  made  available  to  nursery- 
men. Because  of  the  closely  controlled  conditions  under  which  plants 
should  be  treated,  the  procedure  is  not  recommended  for  general  use  by 
growers. 

How  to  Maintain  Plants  Nematode-Free 


Most  cropland  in  the  United  States  is  infested  with  some  form  of 
plant  parasitic  nematode;  therefore  preplanting  soil  fumigation  is  essen- 
tial in  the  production  of  superior  plant  stocks.  At  present  the  cost  of  this 
treatment  is  approximately  $100  per  acre. 

Strawberry  plantings  can  be  maintained  substantially  nematode -free 
by  fumigating  the  soil  with  two  applications  (2  weeks  apart)  of  30  gallons 
of  a  technical  grade  mixture  of  DD  per  acre,  or  with  similar  applications 
of  EDB  at  the  rate  of  7-1/  2  gallons  per  application.  Fumigation  in  the  fall, 
before  the  soil  temperature  drops  below  50°  F. ,  is  recommended.  If  the 
soil  is  fumigated  in  the  spring,  it  should  be  delayed  until  the  soil  tempera- 
ture reached  50°  F. ,  and  2  weeks  should  elapse  before  plants  are  set  out 
since  the  fumigant  is  toxic  to  plants. 


FUTURE   OF   VIRUS-FREE   AND   NEMATODE-FREE    PLANTS 


Research  has  developed  virus-free  strawberry  plants;  research 
has  also  developed  a  method  for  freeing  plants  from  nematodes.  The  ben- 
efits to  be  derived  from  this  research,  in  terms  of  more  vigorous  plants, 
greater  runner  production,  higher  yields,  and  longer-lived  stands,  will 
depend  upon  the  nurseryman  and  the  grower. 

Virus-free  plants  are  made  available  to  cooperating  nurserymen 
who  have  the  responsibility  to  keep  them  free  from  infection;  the  grower 
will  obtain  the  greatest  benefits  from  virus-free  plants  by  keeping  them 
free  from  infection  in  the  field. 

A  method  has  been  determined  to  free  strawberry  plants  from  nem- 
atodes. This  method  has  been  made  available  to  nurserymen  upon  whom 
rests  the  responsibility  of  providing  nematode-free  plants  to  growers. 
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Research  has  yet  to  learn  how  long  virus-free  plants  may  normally 
be  expected  to  remain  virus-free  in  the  field;  what  is  the  actual  gain  in 
fruit  yield  over  infected  plants;  how  many  species  of  nematodes  exist;  do 
varieties  differ  in  their  susceptibility  to  nematodes;  can  nematode-resistant 
varieties  be  bred;  to  what  extent  are  commercial  growers  justified  in  prac- 
tising fumigation  in  order  to  maintain  vigorous,  high-producing  stands;  how 
frequently  is  fumigation  required  to  maintain  nematode-free  fields.  Virus- 
free  plants  have  been  found  in  varieties  that  represent  over  95  percent  of 
the  commercial  production,  and  research  is  being  continued  to  make  avail- 
able additional  virus-free  varieties. 
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